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(54) EXPOSURE APPARATUS AND METHOD FOR PRODUCING DEVICE 

(57) Abstract: An exposure apparatus, wherein an exposure of a substrate (P) is 
carried out by filling at least a portion of the space between a projection optical 
system and the substrate (P) with a liquid and projecting an image of a pattern onto 
the substrate (P) via the projection optical system and the liquid, includes a bubble 
detector (20) which detects air bubble or bubbles in the liquid between the projection 
optical system and the substrate (P). Consequently, the exposure apparatus is capable 
of suppressing deterioration of a pattern image caused by bubbles in the liquid when 
an exposure is carried out while filling the space between the projection optical 
system and the substrate with the liquid. 
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SPECIFICATION 
Exposure apparatus and method for producing device 



Technical Field 

The present invention relates to an exposure apparatus for exposing a substrate 
with a pattern image projected by a projection optical system in a state in which at 
least a part of a space between the projection optical system and the substrate is filled 
with a liquid. The present invention also relates to a method for producing a device 
based on the use of the exposure apparatus. 



Background Art 

Semiconductor devices and liquid crystal display devices are produced by the 
so-called photolithography technique in which a pattern formed on a mask is 
transferred onto a photosensitive substrate. The exposure apparatus, which is used in 
the photolithography step, includes a mask stage for supporting the mask and a 
substrate stage for supporting the substrate. The pattern on the mask is transferred 
onto the substrate via a projection optical system while successively moving the mask 
stage and the substrate stage. In recent years, there has been a demand for higher 
resolution of projection optical systems in order to respond to the further advances of 
higher integration of device patterns. As the exposure wavelength to be used becomes 
shorter, the resolution of the projection optical system becomes higher. As the 
numerical aperture of the projection optical system becomes larger, the resolution of 
the projection optical system becomes higher. Therefore, the exposure wavelength, 
which is used for the exposure apparatus, has shortened year by year, and the 
numerical aperture of the projection optical system has increased as well. The 
exposure wavelength which is dominantly used at present is 248 nm of the KrF 
excimer laser. However, the exposure wavelength of 193 nm of the ArF excimer 
laser, which is shorter than the above, is also used in some situations. When the 
exposure is performed, the depth of focus (DOF) is also important in the same manner 
as the resolution. The resolution R and the depth of focus 5 are represented by the 
following expressions respectively. 



R=k,-A/NA(1) 
8=k 2 -A/NA 2 (2) 



In the expressions, X represents the exposure wavelength, NA represents the 
numerical aperture of the projection optical system, and ki and k 2 represent the 
process coefficients. According to the expressions (1) and (2), the following fact is 
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appreciated. That is, when the exposure wavelength A, is shortened and the numerical 
aperture NA is increased in order to enhance the resolution R, then the depth of focus 
8 is narrowed. 

If the depth of focus 5 is narrowed too much, it is difficult to match the 
substrate surface with respect to the image plane of the projection optical system. It is 
of concern that the margin may be insufficient during the exposure operation. 
Accordingly, the liquid immersion method has been suggested, which is disclosed, for 
example, in International Publication No. 99/49504 as a method for substantially 
shortening the exposure wavelength and widening the depth of focus. In this liquid 
immersion method, the space between the lower surface of the projection optical 
system and the substrate surface is filled with a liquid such as water or any organic 
solvent to utilize the fact that the wavelength of the exposure light beam in the liquid 
is 1/n as compared with that in the air (n represents the refractive index of the liquid, 
which is about 1.2 to 1 .6 in ordinary cases) so that the resolution is improved and the 
depth of focus is magnified about n times. 

When the exposure process is performed by the liquid immersion method, if 
any gas portion such as bubbles or the like exists in the liquid (especially on the 
substrate surface) between the projection optical system and the substrate, it is of 
concern that a pattern image to be formed on the substrate may be deteriorated by the 
influence of the bubbles (gas portion). Such a situation is not limited, for example, to 
only the case in which the bubbles are contained in the liquid to be supplied, but there 
is also such a possibility that the bubbles may be formed in the liquid after the supply. 
If the image formation failure of the pattern image as described above is left as it is, 
the failure is consequently found out as a defective product at the stage at which the 
final device is produced. It is feared that the device productivity may be lowered. 

On the other hand, the following situation is also assumed. That is, the gas 
portion is formed by causing such a state that at least a part of the space between the 
projection optical system and the substrate is not filled with the liquid due to any 
cause, for example, any malfunction of a liquid supply unit for supplying the liquid to 
the space between the projection optical system and the substrate when the exposure 
process is performed on the basis of the liquid immersion method. That is, it is feared 
that all of the pattern image or a part thereof may be projected onto the substrate 
without passing through or not through the liquid. In this situation, there is such a 
possibility that the pattern image may not be formed on the substrate. If such a 
situation is left as it is, then it is impossible to found out the defect until the final 
device is produced, and it is feared that the productivity may be lowered. 

In the case of the exposure apparatus based on the use of the liquid immersion 
method, various measurement operations are sometimes performed via the liquid 
disposed on the image plane side of the projection optical system. However, if the gas 
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portion exists on the image plane side of the projection optical system, and the space 
is not filled with a sufficient amount of the liquid, then there is such a possibility that 
the measurement error appears, and/or it is impossible to perform the measurement in 
some situations. 

Disclosure of the Invention 

The present invention has been made taking the foregoing circumstances into 
consideration, an object of which is to provide an exposure apparatus which makes it 
possible to suppress the decrease in productivity even when the liquid immersion 
method is used, and a method for producing a device based on the use of the exposure 
apparatus. Another object of the present invention is to provide an exposure 
apparatus which makes it possible to detect, for example, any deterioration of a 
pattern image caused by any bubbles in a liquid when the exposure process is 
performed while filling the space between a projection optical system and a substrate 
with the liquid, and a method for producing a device based on the use of the exposure 
apparatus. Still another object of the present invention is to provide an exposure 
apparatus which makes it possible to suppress the decrease in productivity caused by 
the fact that the space between a projection optical system and a substrate is not filled 
with a liquid, and a method for producing a device based on the use of the exposure 
apparatus. Still another object of the present invention is to provide an exposure 
apparatus which makes it possible to suppress the occurrence of, for example, any 
exposure failure and/or any measurement failure even when the liquid immersion 
method is used, and a method for producing a device based on the use of the exposure 
apparatus. 

In order to achieve the objects as described above, the present invention adopts 
the following constructions corresponding to FIGS. 1 to 16 as illustrated in 
embodiments. However, parenthesized numerals or symbols affixed to respective 
elements merely exemplify the elements by way of example, with which it is not 
intended to limit the respective elements. 

According to a first aspect of the present invention, there is provided an 
exposure apparatus (EX) which exposes a substrate (P) by transferring an image of a 
pattern through a liquid (50) onto the substrate (P), the exposure apparatus including: 

a projection optical system (PL) which projects the image of the pattern onto 
the substrate (P); and 

a bubble detector (20) which detects bubbles in the liquid (50) between the 
projection optical system (PL) and the substrate (P). 

According to the present invention, when the exposure process is performed 
on the basis of the liquid immersion method, the bubble is detected in the liquid 
between the projection optical system and the substrate by the aid of the bubble 
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detector. Accordingly, it is possible to detect the information about the bubble in the 
liquid between the projection optical system and the substrate, as the portion which 
greatly concerns the pattern transfer accuracy. The exposure failure (defective shot) 
can be recognized on the basis of the result of the detection. Therefore, it is possible 
to apply an appropriate treatment in order to maintain the high device productivity. 

According to a second aspect of the present invention, there is provided an 
exposure apparatus (EX) which exposes a substrate (P) by transferring an image of a 
pattern through a liquid (50) onto the substrate (P), the exposure apparatus including: 

a projection optical system (PL) which projects the image of the pattern onto 
the substrate (P); and 

a liquid shortage detector (20) which detects shortage of the liquid (50) 
between the projection optical system (PL) and the substrate (P). 

According to the present invention, when the exposure process is performed 
on the basis of the liquid immersion method, it is possible to detect whether or not the 
liquid, with which the space between the projection optical system and the substrate is 
filled, is insufficient, by the aid of the liquid shortage detector. Therefore, it is 
possible to recognize, at an early stage, the occurrence of the exposure failure and the 
defective shot on the basis of the result of the detection. It is possible to apply an 
appropriate treatment in order not to produce any defective device which would be 
otherwise produced due to the liquid shortage. For example, when any water shortage 
is detected, the exposure is performed after solving the water shortage. Thus, it is 
possible to suppress the occurrence of the exposure failure and the defective shot. 

According to a third aspect of the present invention, there is provided an 
exposure apparatus (EX) which exposes a substrate by radiating an exposure light 
beam onto the substrate (P) via a projection optical system (PL) and through a liquid 
(50), the exposure apparatus including: 

a gas-detecting system (70) which detects a presence or absence of a gas 
portion in an optical path for the exposure light beam. 

According to the present invention, the gas-detecting system is used to detect 
the presence or absence of the gas portion in the optical path for the exposure light 
beam. Accordingly, for example, it is possible to recognize whether or not any 
defective shot or any image formation failure of the pattern image appears resulting 
from the gas portion during the exposure for the substrate. Accordingly, it is possible 
to apply an appropriate treatment in order to maintain the high device productivity. 
The exposure can be started for the substrate after confirming the fact that the gas 
portion is absent in the optical path for the exposure light beam. Therefore, it is also 
possible to suppress the production of any defective device. 

According to a fourth aspect of the present invention, there is provided an 
exposure apparatus (EX) which exposes a substrate (P) by radiating an exposure light 
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beam onto the substrate (P) via a projection optical system (PL) and through a liquid 
(50), the exposure apparatus including: 

a surface position-detecting system (70) which detects a surface position of the 
substrate by projecting a detecting light beam onto the substrate through the liquid 
(50) on the substrate and receiving the detecting light beam reflected on the substrate, 
wherein: 

a presence or absence of a gas portion in an optical path for the detecting light 
beam is detected on the basis of an output of the surface position-detecting system 
(70). 

According to the present invention, the surface position-detecting system, 
which detects the surface position information about the substrate through the liquid, 
is used to detect the presence or absence of the gas portion in the optical path for the 
detecting light beam. Accordingly, for example, it is possible to recognize whether or 
not any defective shot or any image formation failure of the pattern image appears 
resulting from the gas portion during the exposure for the substrate. Accordingly, it is 
possible to apply an appropriate treatment in order to maintain the high device 
productivity. When the surface position-detecting system is used also as the gas- 
detecting system for detecting the presence or absence of the gas portion, it is possible 
to detect the presence or absence of the gas portion without complicating the 
arrangement of the apparatus. 

According to still another aspect of the present invention, there is provided a 
method for producing a device, including using the exposure apparatus (EX) 
according to any one of the aspects described above. 

Brief Description of the Drawings 

FIG. 1 shows a schematic arrangement illustrating an embodiment of an 
exposure apparatus of the present invention. 

FIG. 2 shows a positional relationship among a tip of a projection optical 
system, a liquid supply unit, and a liquid recovery unit. 

FIG. 3 shows an exemplary arrangement of supply nozzles and recovery 
nozzles. 

FIG. 4 shows a plan view illustrating a bubble detector. 
FIG. 5 shows a flow chart illustrating an exemplary procedure of bubble 
detection. 

FIG. 6 shows a plan view illustrating shot areas on a substrate. 

FIGS. 7A and 7B are diagrams explaining a detecting light beam emitted by 
the bubble detector. 

FIG. 8 shows an embodiment of a gas-detecting system according to the 
present invention. 
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FIG. 9 shows a schematic view illustrating the gas-detecting system according 
to the present invention. 

FIG. 10 shows an operation for detecting a gas portion, performed by the gas- 
detecting system according to the present invention. 

FIG. 1 1 shows an operation for detecting a gas portion, performed by the gas- 
detecting system according to the present invention. 

FIGS. 12A to 12C show an operation for detecting a gas portion, performed by 
the gas-detecting system according to the present invention. 

FIG. 13 schematically illustrates the gas-detecting system according to the 
present invention. 

FIG. 14 shows an embodiment of a gas-detecting system according to the 
present invention. 

FIG. 1 5 shows an operation for detecting a gas portion, performed by the gas- 
detecting system according to the present invention. 

FIG. 16 shows a flow chart illustrating exemplary steps of producing a 
semiconductor device. 

Preferred Embodiment of the Present Invention 

An explanation will be made below about the exposure apparatus and the 
method for producing the device according to the present invention with reference to 
the drawings. However, the present invention is not limited thereto. FIG. 1 shows a 
schematic arrangement illustrating an embodiment of the exposure apparatus of the 
present invention. 

With reference to FIG. 1, an exposure apparatus EX includes a mask stage 
MST which supports a mask M, a substrate stage PST which supports a substrate P, 
an illumination optical system IL which illuminates, with an exposure light beam EL, 
the mask M supported by the mask stage MST, a projection optical system PL which 
performs projection exposure for the substrate P supported by the substrate stage PST 
with an image of a pattern of the mask M illuminated with the exposure light beam 
EL, a control unit CONT which collectively controls the overall operation of the 
exposure apparatus EX, a memory unit MRY which is connected to the control unit 
CONT and which stores information about the exposure process, and a display unit 
DS which displays information about the exposure process. 

The embodiment of the present invention will now be explained as 
exemplified by a case of the use of the scanning type exposure apparatus (so-called 
scanning stepper) as the exposure apparatus EX in which the substrate P is exposed 
with the pattern formed on the mask M while synchronously moving the mask M and 
the substrate P in mutually different directions (opposite directions) in the scanning 
directions. In the following explanation, the Z axis direction resides in the direction 



7 



which is coincident with the optical axis AX of the projection optical system PL, the 
X axis direction resides in the synchronous movement direction (scanning direction) 
for the mask M and the substrate P in the plane perpendicular to the Z axis direction, 
and the Y axis direction resides in the direction (non-scanning direction) 
perpendicular to the Z axis direction and the Y axis direction. The directions about 
the X axis, the Y axis, and the Z axis are designated as 6X, 0Y, and 0Z directions 
respectively. The term "substrate" referred to herein includes those obtained by 
applying a resist on a semiconductor wafer, and the term "mask" includes a reticle 
formed with a device pattern to be subjected to the reduction projection onto the 
substrate. 

The illumination optical system IL is used so that the mask M, which is 
supported by the mask stage MST, is illuminated with the exposure light beam EL. 
The illumination optical system IL includes, for example, an exposure light source, an 
optical integrator which uniformizes the illuminance of the light flux radiated from 
the exposure light source, a condenser lens which collects the exposure light beam EL 
supplied from the optical integrator, a relay lens system, and a variable field 
diaphragm which sets the illumination area on the mask M illuminated with the 
exposure light beam EL to be slit-shaped. The predetermined illumination area on the 
mask M is illuminated with the exposure light beam EL having a uniform illuminance 
distribution by the illumination optical system EL. Those usable as the exposure light 
beam EL radiated from the illumination optical system IL include, for example, bright 
lines (g-ray, h-ray, i-ray) in the ultraviolet region radiated, for example, from a 
mercury lamp, far ultraviolet light beams (DUV light beams) such as the KrF excimer 
laser beam (wavelength: 248 nm), and vacuum ultraviolet light beams (VUV light 
beams) such as the ArF excimer laser beam (wavelength: 193 nm) and the F 2 laser 
beam (wavelength: 157 nm). In this embodiment, the ArF excimer laser beam is used. 

The mask stage MST supports the mask M. The mask stage MST is two- 
dimensionally movable in the plane perpendicular to the optical axis AX of the 
projection optical system PL, i.e., in the XY plane, and it is finely rotatable in the 6Z 
direction. The mask stage MST is driven by a mask stage-driving unit MSTD such as 
a linear motor. The mask stage-driving unit MSTD is controlled by the control unit 
CONT. The position in the two-dimensional direction and the angle of rotation of the 
mask M on the mask stage MST are measured in real-time by a laser interferometer. 
The result of the measurement is outputted to the control unit CONT. The control 
unit CONT drives the mask stage-driving unit MSTD on the basis of the result of the 
measurement obtained by the laser interferometer to thereby position the mask M 
supported on the mask stage MST. 

The projection optical system PL projects the pattern on the mask M onto the 
substrate P at a predetermined projection magnification p to perform the exposure. 
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The projection optical system PL includes a plurality of optical elements (lenses). 
The optical elements are supported by a barrel PK as a metal member. In this 
embodiment, the projection optical system PL is based on the reduction system having 
the projection magnification p which is, for example, 1/4 or 1/5. The projection 
optical system PL may be any one of the ltimes magnification system and the 
magnifying system. The optical element (lens) 60 is exposed from the barrel PK on 
the side of the tip (on the side of the substrate P) of the projection optical system PL 
of this embodiment. The optical element 60 is provided detachably (exchangeably) 
with respect to the barrel PK, 

The substrate stage PST supports the substrate P. The substrate stage PST 
includes a Z stage 5 1 which retains the substrate P by the aid of a substrate holder, an 
XY stage 52 which supports the Z stage 51, and a base 53 which supports the XY 
stage 52. The substrate stage PST is driven by a substrate stage-driving unit PSTD 
such as a linear motor. The substrate stage-driving unit PSTD is controlled by the 
control unit CONT. When the Z stage 5 1 is driven, the substrate P, which is retained 
on the Z stage 51, is subjected to the control of the position (focus position) in the Z 
axis direction and the positions in the 0X and 0Y directions. When the XY stage 52 is 
driven, the substrate P is subjected to the control of the position in the XY directions 
(position in the directions substantially parallel to the image plane of the projection 
optical system PL). That is, the Z stage 5 1 controls the focus position and the angle of 
inclination of the substrate P so that the surface of the substrate P is adjusted to match 
the image plane of the projection optical system PL in the auto-focus manner and the 
auto-leveling manner. The XY stage 52 positions the substrate P in the X axis 
direction and the Y axis direction. It goes without saying that the Z stage and the XY 
stage may be provided in an integrated manner. 

A movement mirror 54, which is movable together with the substrate stage 
PST with respect to the projection optical system PL, is provided on the substrate 
stage PST (Z stage 5 1). A laser interferometer 55 is provided at a position opposed to 
the movement mirror 54. The angle of rotation and the position in the two- 
dimensional direction of the substrate P on the substrate stage PST are measured in 
real-time by the laser interferometer 55. The result of the measurement is outputted to 
the control unit CONT. The control unit CONT drives the substrate stage-driving unit 
PSTD on the basis of the result of the measurement of the laser interferometer 55 to 
thereby position the substrate P supported by the substrate stage PST. 

In this embodiment, the liquid immersion method is applied in order that the 
resolution is improved by substantially shortening the exposure wavelength and the 
depth of focus is substantially widened. Therefore, the space between the surface of 
the substrate P and the tip surface (lower surface) 7 of the optical element (lens) 60 of 
the projection optical system PL on the side of the substrate P is filled with the 
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predetermined liquid 50 at least during the period in which the image of the pattern on 
the mask M is transferred onto the substrate P. As described above, the lens 60 is 
exposed on the tip side of the projection optical system PL, and the liquid 50 is 
designed to make contact with only the lens 60. Accordingly, the barrel PK 
composed of the metal is prevented from any corrosion or the like. In this 
embodiment, pure water is used for the liquid 50. The exposure light beam EL, which 
is not limited only to the ArF excimer laser beam, can be transmitted through pure 
water, even when the exposure light beam EL is, for example, the bright line (g-ray, 
h-ray, i-ray) in the ultraviolet region radiated, for example, from a mercury lamp or 
the far ultraviolet light beam (DUV light beam) such as the KrF excimer laser beam 
(wavelength: 248 nm). 

The exposure apparatus EX includes a liquid supply unit 1 which supplies the 
predetermined liquid 50 to the space 56 between the substrate P and the tip surface 
(end surface of the lens 60) 7 of the projection optical system PL, and a liquid 
recovery unit 2 which recovers the liquid 50 from the space 56. The liquid supply 
unit 1 is provided to fill at least a part of the space between the projection optical 
system PL and the substrate P with the liquid 50. The liquid supply unit 1 includes, 
for example, a tank for accommodating the liquid 50, and a pressurizing pump. One 
end of a supply tube 3 is connected to the liquid supply unit 1 . Supply nozzles 4 are 
connected to the other end of the supply tube 3. The liquid supply unit 1 supplies the 
liquid 50 to the space 56 through the supply tube 3 and the supply nozzles 4. The 
liquid supply unit 1 establishes the temperature of the liquid 50 to be supplied to the 
space 56 so that the temperature is approximately equivalent, for example, to the 
temperature (for example, 23°C.) in the chamber in which the exposure apparatus EX 
is accommodated. 

The liquid recovery unit 2 includes, for example, a suction pump, and a tank 
for accommodating the recovered liquid 50. One end of a recovery tube 6 is 
connected to the liquid recovery unit 2. Recovery nozzles 5 are connected to the other 
end of the recovery tube 6. The liquid recovery unit 2 recovers the liquid 50 from the 
space 56 through the recovery nozzles 5 and the recovery tube 6. When the space 56 
is filled with the liquid 50, then the control unit CONT drives the liquid supply unit 1 
so that the liquid 50, which is in a predetermined amount per unit time, is supplied to 
the space 56 through the supply tube 3 and the supply nozzles 4, and the control unit 
CONT drives the liquid recovery unit 2 so that the liquid 50, which is in a 
predetermined amount per unit time, is recovered from the space 56 through the 
recovery nozzles 5 and the recovery tube 6. Accordingly, the liquid 50 is retained in 
the space 56 between the substrate P and the tip surface 7 of the projection optical 
system PL. 
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The exposure apparatus EX is provided with a bubble detector 20 which 
detects any bubble contained in the liquid 50 in the space 56 between the projection 
optical system PL and the substrate P. The bubble detector 20 optically detects the 
bubble contained in the liquid 50. The bubble detector 20 includes a projecting 
system 21 which projects a detecting light beam onto the liquid 50 in the space 56, 
and a light-receiving system 22 which receives the detecting light beam coming from 
the liquid 50 in the space 56. The projecting system 21 projects the detecting light 
beam in a direction inclined with respect to the surface of the substrate P, and thus the 
detecting light beam is projected onto the liquid 50 in the space 56. The projecting 
system 21 projects the detecting light beam onto the surface of the substrate P from a 
position separated in the X axis direction as the scanning direction for the substrate P 
with respect to the optical axis AX of the projection optical system PL. In this 
embodiment, the projecting system 21 is provided at the position separated in the -X 
direction with respect to the optical axis AX of the projection optical system PL. The 
light-receiving system 22 is provided at a position separated in the +X direction with 
respect to the optical axis AX of the projection optical system PL. 

FIG. 2 shows a partial magnified view of FIG. 1 illustrating, for example, the 
lower portion of the projection optical system PL of the exposure apparatus EX, the 
liquid supply unit 1, and the liquid recovery unit 2. In FIG. 2, the lens 60, which is 
disposed at the lowest end of the projection optical system PL, is formed to have a 
rectangular shape which is long in the Y axis direction (non-scanning direction) while 
remaining only the portion required for the end portion 60A in the scanning direction. 
During the scanning exposure, a pattern image of a part of the mask M is projected 
onto the rectangular projection area PA disposed just under the end portion 60A. The 
mask M is moved at the velocity V in the -X direction (or in the +X direction) with 
respect to the projection optical system PL, in synchronization with which the 
substrate P is moved at the velocity p- V (p is the projection magnification) in the +X 
direction (or in the -X direction) by the aid of the XY stage 52. After the completion 
of the exposure for one shot area, the next shot area is moved to the scanning start 
position in accordance with the stepping of the substrate P. The exposure process is 
successively performed thereafter for each of the shot areas in accordance with the 
step-and-scan system. This embodiment is designed so that the liquid 50 is allowed to 
flow in parallel to the scanning direction of the substrate P. 

FIG. 3 shows the positional relationship among the end portion 60A of the 
lens 60 of the projection optical system PL, the supply nozzles 4 (4A to 4C) for 
supplying the liquid 50 in the X axis direction, and the recovery nozzles 5 (5A, 5B) 
for recovering the liquid 50. In FIG. 3, the end portion 60A of the lens 60 has a 
rectangular shape which is long in the Y axis direction. The three supply nozzles 4A 
to 4C are arranged on the side in the +X direction, and the two recovery nozzles 5A, 
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5B are arranged on the side in the -X direction so that the end portion 60A of the lens 
60 of the projection optical system PL is interposed in the X direction. The supply 
nozzles 4A to 4C are connected to the liquid supply unit 1 via the supply tube 3, and 
the recovery nozzles 5A, 5B are connected to the liquid recovery unit 2 via the 
recovery tube 4. Further, the supply nozzles 8A to 8C and the recovery nozzles 9A, 
9B are arranged at positions obtained by rotating, by substantially 180°, the positions 
of the supply nozzles 4A to 4C and the recovery nozzles 5 A, 5B about the center of 
the end portion 60 A. The supply nozzles 4 A to 4C and the recovery nozzles 9 A, 9B 
are alternately arranged in the Y axis direction. The supply nozzles 8A to 8C and the 
recovery nozzles 5 A, 5B are alternately arranged in the Y axis direction. The supply 
nozzles 8A to 8C are connected to the liquid supply unit 1 via the supply tube 10. The 
recovery nozzles 9A, 9B are connected to the liquid recovery unit 2 via the recovery 
tube 11. 

When the scanning exposure is performed by moving the substrate P in the 
scanning direction (-X direction) indicated by the arrow Xa (see FIG. 3), the liquid 50 
is supplied and recovered with the liquid supply unit 1 and the liquid recovery unit 2 
by using the supply tube 3, the supply nozzles 4A to 4C, the recovery tube 4, and the 
recovery nozzles 5A, 5B. That is, when the substrate P is moved in the -X direction, 
then the liquid 50 is supplied to the space between the projection optical system PL 
and the substrate P from the liquid supply unit 1 by the aid of the supply tube 3 and 
the supply nozzles 4 (4A to 4C), and the liquid 50 is recovered to the liquid recovery 
unit 2 by the aid of the recovery nozzles 5 (5A, 5B) and the recovery tube 6. The 
liquid 50 flows in the -X direction so that the space between the lens 60 and the 
substrate P is filled therewith. On the other hand, when the scanning exposure is 
performed by moving the substrate P in the scanning direction (+X direction) 
indicated by the arrow Xb, then the liquid 50 is supplied and recovered with the liquid 
supply unit 1 and the liquid recovery unit 2 by using the supply tube 10, the supply 
nozzles 8A to 8C, the recovery tube 11, and the recovery nozzles 9A, 9B. That is, 
when the substrate P is moved in the +X direction, then the liquid 50 is supplied from 
the liquid supply unit 1 to the space between the projection optical system PL and the 
substrate P by the aid of the supply tube 10 and the supply nozzles 8 (8A to 8C), and 
the liquid 50 is recovered to the liquid recovery unit 2 by the aid of the recovery 
nozzles 9 (9 A, 9B) and the recovery tube 1 1 . The liquid 50 flows in the +X direction 
so that the space between the lens 60 and the substrate P is filled therewith. As 
described above, the control unit CONT allows the liquid 50 to flow in the same 
direction as the movement direction of the substrate P in accordance with the 
movement direction of the substrate P by using the liquid supply unit 1 and the liquid 
recovery unit 2. In this arrangement, for example, the liquid 50, which is supplied 
from the liquid supply unit 1 via the supply nozzles 4, flows so that the liquid 50 is 
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attracted and introduced into the space 56 in accordance with the movement of the 
substrate P in the -X direction. Therefore, even when the supply energy of the liquid 
supply unit 1 is small, the liquid 50 can be supplied to the space 56 with ease. When 
the direction, in which the liquid 50 is allowed to flow, is switched depending on the 
scanning direction, then it is possible to fill the space between the substrate P and the 
tip surface 7 of the lens 60 with the liquid 50, and it is possible to obtain the high 
resolution and the wide depth of focus, even when the substrate P is subjected to the 
scanning in any one of the +X direction and the -X direction. 

FIG. 4 shows a plan view illustrating a schematic arrangement of the bubble 
detector 20. The projecting system 21 and the light-receiving system 22 are provided 
to interpose, in the X axis direction, the end portion 60A of the lens 60 of the 
projection optical system PL, i.e., the projection area PA of the projection optical 
system PL on the substrate P. The projecting system 21 has a plurality of projectors 
21 A which are aligned in the Y axis direction. The detecting light beams are 
projected onto the substrate P from the respective projectors 21 A. The detecting light 
beams, which are projected from the plurality of projectors 21 A, are set to have an 
identical angle of incidence with respect to the surface of the substrate P respectively. 
The light-receiving system 22 has a plurality of light-receivers 22A corresponding to 
the projectors 21 A of the projecting system 21 . The detecting light beam, which is 
projected from each of the projectors 21 A, passes through the liquid 50 when no 
bubble is contained in the liquid. Accordingly, the detecting light beam is reflected 
by the surface of the substrate P, and it is received by each of the light-receivers 22A. 

The light-receiving system 22 has light-receivers 22B, 22C which are arranged 
at positions at which no detecting light beam from the projecting system 21 directly 
comes into the light-receivers 22B, 22C, respectively. Any scattered light, which is 
generated when the detecting light beam from the projecting system 21 collides with 
the bubble in the liquid to make reflection when the bubble is present in the liquid, is 
received (subjected to the dark field detection) by the light-receivers 22A, 22C. 

Parts of the detecting light beams LI, which are included in the plurality of 
detecting light beams emitted from the projecting system 21, are projected onto the 
area on the substrate P corresponding to the end portion 60A of the lens 60 (projection 
area PA of the projection optical system PL). Remaining detecting light beams L2 are 
projected onto the areas disposed on the both outer sides in the Y axis direction of the 
projection area PA. The projecting system 21 projects at least parts of the detecting 
light beams Le of in the plurality of detecting light beams, onto areas or portions 
disposed in the vicinity of the boundary portions in the Y axis direction of the 
projection area PA. The liquid 50 is supplied from the liquid supply unit 1 to the 
portion corresponding to the space between the substrate P and the end portion 60A of 
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the lens 60, i.e., the projection area PA on the substrate P. Therefore, the portion, 
which corresponds to the projection area PA, is the liquid immersion portion. 

FIG. 7A schematically shows, as viewed from a side position, a state in which 
the detecting light beam is radiated onto the bubble 18 adhered to the surface of the 
substrate P, and FIG. 7B shows a plan view of FIG. 7A. 

As shown in FIG. 7A, for example, when the detecting light beam is a spot 
light beam, and the light flux thereof has a diameter of Dl, then the detecting light 
beam on the substrate P is elliptical with the longitudinal direction of the X axis 
direction (scanning direction) as shown in FIG. 7B, when the detecting light beam is 
projected in a direction inclined with respect to the substrate P. The size D2 in the 
longitudinal direction of the elliptical detecting area for the detecting light beam on 
the substrate P is larger than the diameter Dl. That is, for example, when the 
detecting light beam is radiated in a direction perpendicular to the surface of the 
substrate P, the size in the X axis direction of the detecting area for the detecting light 
beam is Dl. However, when the detecting light beam is radiated in the inclined 
direction, the bubble 18 can be detected with the detecting area having the size of D2 
which is larger than Dl in the X axis direction. Therefore, when the bubble 18 is 
detected on the substrate P which is to be subjected to the scanning in the X axis 
direction, then the bubble 18 is detected with the detecting area which is wider than 
the detecting area having the diameter Dl, and it is possible for the bubble detector 20 
to improve the detection accuracy for the bubble 18. The explanation has been made 
assuming that the detecting light beam is the spot light beam. However, an equivalent 
effect is also obtained even when the detecting light beam is a slit light beam. 

Next, an explanation will be made with reference to a flow chart shown in 
FIG. 5 about a procedure for exposing the substrate P with the pattern of the mask M 
through the projection optical system PL and the liquid 50 by using the exposure 
apparatus EX constructed as described above. 

At first, the mask M is loaded on the mask stage MST, and the substrate P is 
loaded on the substrate stage PST. Subsequently, the control unit CONT drives the 
liquid supply unit 1 and the liquid recovery unit 2 to start the liquid supply operation 
to the space 56. Accordingly, the space between the lower surface 7 (end portion 
60A) of the projection optical system PL and the projection area PA of the substrate P 
is filled with the liquid 50 (Step SI). 

Subsequently, the control unit CONT drives the substrate stage PST to scan 
the substrate P in the X direction, while the mask M is illuminated with the exposure 
light beam EL from the illumination optical system IL so that the pattern of the mask 
M is projected onto the substrate P through the projection optical system PL and the 
liquid 50. Simultaneously, the control unit CONT projects the detecting light beam 
onto the substrate P from the projecting system 21 in the inclined direction. The 
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control unit CONT performs the exposure process for the substrate P while detecting 
the position of the surface of the substrate P in the Z axis direction (Step S2). 

The detecting light beam, which is projected from the projecting system 21 
onto the substrate P, passes through the liquid 50 which fills the space 56, and the 
detecting light beam is projected onto the projection area on the substrate P. In this 
situation, when the bubble 18 is present (adhered) on the surface of the substrate P in 
the projection area as shown in FIG, 4, the detecting light beam, which is projected 
onto the bubble 18, is scattered. When a part of the detecting light beam projected 
onto the bubble 18 is scattered, then strong light beams, which are not detected in 
ordinary cases, come into the light-receivers 22B, 22C, and the light intensity, which 
is to be received by the light-receiver 22A corresponding to the detecting light beam, 
is lowered. The results of the detection performed by the light-receivers 22A, 22B, 
22C are outputted to the control unit CONT. The control unit CONT detects whether 
or not the bubble is present on the substrate P on the basis of the light intensities 
detected by the light-receiving system 22 (Step S3). 

In this embodiment, the control unit CONT can determine the size and the 
amount of the bubble 1 8 on the basis of the light intensities detected by the light- 
receivers 22B, 22C. For example, the light is scattered at a larger angle by a small 
bubble. Therefore, the control unit CONT can determine the size of the bubble 1 8 by 
determining the direction of the scattered light from the bubble 18 on the basis of the 
results of the detection of the light-receivers 22B, 22C. Further, the amount of the 
bubble 18 per unit area on the substrate P can be also determined by detecting the 
intensity of the received light. 

In this procedure, the position of the substrate P in the XY directions is 
specified by the result of measurement performed by the laser interferometer 55. 
Further, the position of installation in the Y axis direction of the light-receivers 22A 
which has received the detecting light beam projected onto the bubble 18 is also 
specified on the basis of the designed value. Therefore, the control unit CONT can 
specify the position at which the bubble 18 is present on the substrate P, on the basis 
of the result of measurement of the laser interferometer 55 and the information about 
the position of installation of the light-receiver 22A for which the light intensity of the 
received light is lowered. When the position at which the bubble 1 8 is present is 
specified, the control unit CONT stores the position information about the bubble 1 8 
in the memory unit MRY (Step S4). 

The control unit CONT projects the detecting light beam onto the substrate P 
while scanning the substrate P in the X axis direction. Accordingly, it is possible to 
detect the information about the bubble 18 for each of the shot areas including, for 
example, the presence or absence of the bubble 1 8 and the amount of the bubble. 
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In this arrangement, the memory unit MRY stores the threshold value 
information about the bubble 1 8 to determine whether or not the pattern is transferred 
at a desired pattern transfer accuracy with respect to the substrate P, The threshold 
value includes a threshold value in relation to the size of the bubble 1 8, and a 
threshold value in relation to the amount (number) of the bubble 1 8 for one shot area. 
In the control unit CONT, the threshold value information stored in the memory unit 
MRY is compared with the result of the bubble detection performed by the bubble 
detector 20 (Step S5). 

Subsequently, the control unit CONT judges whether or not the result of the 
bubble detection performed by the bubble detector 20 is not less than the threshold 
value (Step S6). 

For example, when a slight amount of the bubble 18 having a small diameter 
floats in the liquid 50, the desired pattern transfer accuracy is obtained in some cases 
even when the bubble 18 exists in the liquid. Accordingly, the threshold value in 
relation to the amount and the size of the bubble 18 is determined beforehand. If the 
result of the bubble detection is not more than the threshold value, it is judged that the 
exposure for the substrate P can be performed appropriately. That is, the control unit 
CONT refers to the threshold value information about the bubble stored in the 
memory unit MRY to judge whether or not the exposure for the substrate P has been 
performed appropriately, on the basis of the result of the detection performed by the 
bubble detector 20. The threshold value is previously determined, for example, 
experimentally, and the threshold value is stored in the memory unit MRY 
beforehand. 

If it is judged that the bubble 18 is not more than the threshold value, i.e., if it 
is judged that the exposure for the substrate P is performed appropriately, then the 
control unit CONT continues the exposure process. On the other hand, if it is judged 
that the bubble 1 8 is not less than the threshold value, i.e., if it is judged that the 
exposure for the substrate P is not performed appropriately due to the presence of the 
bubble 18, then the control unit CONT performs, for example, the following process. 
That is, the control unit CONT interrupts the exposure process operation, and/or the 
control unit CONT drives the display unit DS and/or an unillustrated alarm unit to 
notice that the bubble of not less than the allowable range (not less than the threshold 
value) exists. Alternatively, the position information about the bubble 1 8 on the 
substrate P is displayed on the display unit DS (Step S7). 

A consideration will now be made about a case in which the plurality of shot 
areas SH on the substrate P are subjected to the exposure respectively as shown in 
FIG. 6. In this case, even if it is judged in Step S6 that the bubble 1 8 is not less than 
the threshold value, the control unit CONT continues the exposure process. In this 
procedure, the control unit CONT detects the bubble 18 by using the bubble detector 
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20 during the exposure for each of the plurality of shot areas SH on the substrate P. 
The control unit CONT refers to the threshold value information and the position 
information about the bubble obtained by the laser interferometer to store, in the 
memory unit MRY, the shot area SH' which is included in the plurality of shot areas 
SH and in which the image formation of the pattern image is not performed 
appropriately due to the bubble 1 8 (Step S8). After the completion of the exposure 
process, the following procedure can be adopted on the basis of the information stored 
in the memory unit MRY. That is, the exposure process is not performed for another 
layer thereafter, and/or the resist is applied again to perform the exposure again for the 
shot area SH f which is included in the plurality of shot areas SH and in which the 
image formation of the pattern image has not been performed appropriately. 

In this embodiment, the plurality of detecting light beams include the detecting 
light beam LI which is projected onto the projection area PA on the substrate P and 
the detecting light beam Le which is projected onto the boundary portions on the both 
sides in the Y axis direction. It is possible to judge whether or not the space 56 is 
filled with the liquid 50, on the basis of the results of the receiving of the detecting 
light beams LI, Le by the light-receiving system 22. For example, if a situation 
arises, in which a part of the space 56 does not retain the liquid 50 due to any problem 
such as the separation of the liquid 50 in the vicinity of the boundary portion of the 
projection area PA on the substrate P, then the optical path of the detecting light beam 
Le is changed, and the light beam Le is not received by the light-receiving system 22 
to give a state of absence of incidence in which the light beam Le does not come into 
the receiving system 22. The control unit CONT can judge the fact that the space 56 
is not filled with the liquid 50, on the basis of the result of the receiving of the 
detecting light beam Le by the light-receiver 22A. On the other hand, for example, it 
is also conceived that the liquid supply unit 1 malfunctions due to any cause, and the 
liquid 50 is insufficient between the projection optical system PL and the substrate P. 
Also in this case, the optical path of the detecting light beam LI is changed to give a 
state of absence of incidence in which the light beam LI does not come into the light- 
receiver 22A. The control unit CONT can detect the fact that the liquid in the space 
56 is insufficient, on the basis of the result of the receiving by the light-receiver 22A. 
As described above, the bubble detector 20 also functions as a liquid shortage- 
detecting unit for detecting the shortage of the liquid 50 between the projection optical 
system PL and the substrate P. In this specification, the phrase "liquid is insufficient 
or in shortage" includes not only the case in which the liquid is not supplied to the 
space 56 partially or insufficiently in amount but also the case in which the liquid 
does not exist at all. 

Also in this case, the control unit CONT detects the liquid insufficiency or 
discontinuity (liquid shortage) by using the liquid shortage detector 20 during the 
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exposure for each of the plurality of shot areas SH on the substrate P. The shot area 
(defective shot area) SH', which is included in the plurality of shot areas SH and in 
which the liquid shortage arises during the exposure, is stored in the memory unit 
MRY on the basis of the result of the measurement of the position performed by the 
laser interferometer. After the completion of the exposure process, the following 
procedure is adopted on the basis of the information stored in the memory unit MRY. 
That is, the exposure process is not performed for another layer thereafter, and/or the 
resist is applied again to perform the exposure again for the shot area SH' which is 
included in the plurality of shot areas SH and in which the image formation of the 
pattern image has not been performed appropriately due to the liquid shortage. 

The liquid shortage detector described above is constructed such that the liquid 
shortage detector optically detects whether or not the liquid shortage arises. However, 
for example, a liquid shortage detector may be constructed by a flow rate meter (flow 
rate-detecting unit) provided for the supply nozzle 4 or the supply tube 3 of the liquid 
supply unit 1. The flow rate-detecting unit detects the flow rate of the liquid per unit 
time for the liquid 50 to be supplied to the space 56, and the result of the detection is 
outputted to the control unit CONT. The control unit CONT judges that the liquid 
shortage occurs if the flow rate of the liquid is not more than a predetermined value, 
on the basis of the result of the detection performed by the flow rate-detecting unit. 

The following situations are also conceived. That is, not only the small gas 
portion such as the bubble but also a relatively large gas space (gas portion) appears in 
the liquid in some cases. In other cases, the gas remains on the side of the image 
plane of the projection optical system PL when the supply of the liquid from the liquid 
supply unit 1 is started. In such situations, a state of absence of incidence is also 
given, in which the detecting light beam LI does not come into the light-receiver 22A. 
Therefore, it is possible to detect the presence or absence of the gas portion on the 
side of the image plane of the projection optical system PL on the basis of the result of 
the receiving by the light-receiver 22A. As described above, the bubble detector 20 
not only detects the bubble in the liquid but also functions to detect the presence or 
absence of the gas portion between the projection optical system PL and the substrate 
P. 

As explained above, it is possible to detect the information about the bubble 
18 which greatly affects the pattern transfer accuracy in the space 56 by providing the 
bubble detector 20 which detects the bubble 18 in the liquid 50 that fills the space 56 
between the projection optical system PL and the substrate P. Accordingly, it is 
possible to apply an appropriate treatment in order to maintain the good productivity. 
When the bubble exists in the liquid, it is judged whether or not the pattern is 
transferred appropriately on the basis of the result of the detection of the bubble. 
Accordingly, for example, it is possible to adopt, as a product, only a device or 
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devices corresponding to the shot area to which the pattern has been transferred 
appropriately. Alternatively, it is possible to perform a treatment in order to remove 
the bubble after the exposure process is once interrupted. 

This embodiment has been explained as exemplified by the case in which the 
bubble 18 adhered to the surface of the substrate P is detected. However, even when 
the bubble floats in the liquid 50, the intensity of the light received by the light- 
receiving system 22 is changed by radiating the detecting light beam onto the floating 
bubble. Therefore, it is also possible to detect the amount of the bubble floating in the 
liquid 50. Further, the intensity of the light received by each of the light-receivers 
22B, 22C differs between the detecting light beam with which the floating bubble is 
detected and the detecting light beam with which the bubble adhered to the substrate P 
is detected. Therefore, it is also possible to judge whether the detected bubble is the 
floating bubble or the bubble adhered to the substrate P, on the basis of the result of 
the receiving by each of the light-receivers 22B, 22C. Further, when the detecting 
light beam is radiated onto the lower surface 7 of the projection optical system PL, it 
is also possible to detect the information about the bubble adhered to the lower 
surface 7 of the projection optical system PL. A part of the detecting light beam from 
the projecting system 21 may be used to detect the surface position of the substrate P. 

In this embodiment, the projecting system 21 projects the detecting light beam 
in parallel to the XZ plane onto the substrate P from the separated position in the 
scanning direction of the substrate P, and thus it is intended to improve the detection 
accuracy. However, another arrangement is also available, in which the detecting 
light beam is projected in parallel to the YZ plane onto the substrate P. In this 
embodiment, the plurality of spot light beams (detecting light beams), which are 
aligned in the Y axis direction, are radiated onto the substrate P. However, for 
example, the following procedure is also available. That is, one spot light beam is 
subjected to the scanning in the Y axis direction, while the substrate P is scanned in 
the X axis direction across the spot light beam. Alternatively, a spot light beam, 
which extends in the Y axis direction, may be projected onto the substrate P. Even in 
the case of the arrangement as described above, it is possible to perform the operation 
for detecting the bubble for a predetermined area of the surface of the substrate P. 

The embodiment described above has been explained as exemplified by the 
case in which the liquid immersion area is formed on the substrate P. However, it is 
also conceived that the side of the image plane of the projection optical system PL is 
filled with the liquid even when various measuring members and sensors are used on 
the substrate stage PST (Z stage 51). If it is feared that any measurement error is 
brought about if any gas portion (bubble or the like in the liquid) is present on the side 
of the image plane of the projection optical system PL when the measurement is 
performed through the liquid by using the measuring member and/or the sensor as 
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described above, then it is also appropriate to detect, for example, the presence or 
absence of the gas portion by using the bubble detector 20. Specified contents of the 
various measuring members and the sensors capable of being used on the substrate 
stage PST (Z stage 5 1) are described in detail, for example, in Japanese Patent 
Application Laid-open Nos. 2002-14005, 11-16816, 57-117238, 11-238680, 2000- 
97916, and 4-324923, contents of which are incorporated herein by reference 
respectively within a range of permission of the domestic laws and ordinances of the 
state designated or selected in this international application. 

Next, an explanation will be made with reference to FIG. 8 about another 
embodiment of the present invention. In the following description, constitutive parts, 
which are the same as or equivalent to those of the embodiment described above, are 
designated by the same reference numerals, any explanation of which will be 
simplified or omitted. 

FIG. 8 shows a side view illustrating those disposed in the vicinity of the tip 
section of the projection optical system PL. With reference to FIG. 8, the space 
between the substrate P and the optical element 60 at the tip section of the projection 
optical system PL is filled with the liquid 50, and the liquid immersion area AR filled 
with the liquid 50 is formed on the substrate P. In FIG. 8, the supply nozzles 4 for 
supplying the liquid 50 onto the substrate P and the recovery nozzles 5 for recovering 
the liquid 50 from the substrate P are omitted from the illustration. 

The following explanation of this embodiment will be made about a case in 
which the substrate P is opposed to the optical element 60 of the projection optical 
system PL. However, the present invention is also equivalently applicable to a case in 
which various measuring members and sensors on the substrate stage PST (Z stage 
51) are opposed to the optical element 60 of the projection optical system PL as 
disclosed, for example, in Japanese Patent Application Laid-open Nos. 2002-14005, 
1 1-16816, 57-1 17238, 1 1-238680, 2000-97916, and 4-324923. 

The exposure apparatus EX is provided with a focus-detecting system 70 
which detects the surface position information about the substrate P. The focus- 
detecting system 70 includes a projecting system 71 and a light-receiving system 72 
which are provided on the both sides of the projection optical system PL respectively 
while interposing the projection area PA of the projection optical system PL 
therebetween, A detecting light beam La is projected in an oblique direction from the 
projecting system 71 through the liquid 50 on the substrate P onto the surface 
(exposure surface) of the substrate P. The detecting light beam (reflected light beam) 
La, which is reflected by the substrate P, is received by the light-receiving system 72. 
The control unit CONT controls the operation of the focus-detecting system 70. 
Further, the control unit CONT detects the position (focus position) and the 
inclination of the surface of the substrate P in the Z axis direction with respect to a 
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predetermined reference plane on the basis of the result of the receiving by the light- 
receiving system 72. In FIG. 8, the projecting system 71 and the light-receiving 
system 72 are provided at the positions separated from the projection area PA on the 
respective sides in the ±X directions while interposing the projection area PA 
therebetween. However, the projecting system 71 and the light-receiving system 72 
may be provided on the respective sides in the ±Y directions while interposing the 
projection area PA therebetween. 

The projecting system 71 of the focus-detecting system 70 has a plurality of 
projectors. As shown in FIG. 9, the projecting system 71 projects a plurality of 
detecting light beams La onto the substrate P. The light-receiving system 72 has a 
plurality of light-receivers corresponding to the plurality of projectors. Accordingly, 
the focus-detecting system 70 can determine respective focus positions, for example, 
at a plurality of points (respective positions) in a matrix form respectively on the 
surface of the substrate P. Further, the focus-detecting system 70 can determine the 
posture of the substrate P in the inclined direction on the basis of the focus positions 
determined at the plurality of points respectively. The arrangement of the focus- 
detecting system 70 is described in detail, for example, in Japanese Patent Application 
Laid-open No. 8-37149, a content of which is incorporated herein by reference within 
a range of permission of the domestic laws and ordinances of the state designated or 
selected in this international application. 

The control unit CONT drives the Z stage 5 1 (see FIG. 1) of the substrate 
stage PST by the aid of the substrate stage-driving unit PSTD on the basis of the result 
of the detection performed by the focus-detecting system 70. Accordingly, the control 
unit CONT controls the position (focus position) in the Z axis direction and the 
positions in the 9X, 0Y directions of the substrate P retained by the Z stage 51 . That 
is, the Z stage 5 1 is operated on the basis of the instruction from the control unit 
CONT based on the result of the detection performed by the focus-detecting system 
70 to control the focus position (Z position) and the angle of inclination of the 
substrate P so that the surface (exposure surface) of the substrate P is adjusted to 
match the image plane formed via the projection optical system PL and the liquid 50. 

With reference to FIG. 8 again, a first optical member 81 through which the 
detecting light beam La radiated from the projecting system 71 of the focus-detecting 
system 70 is transmissive, and a second optical member 82 through which the 
detecting light beam La reflected by the substrate P is transmissive are provided in the 
vicinity of the tip section of the projection optical system PL. The first optical 
member 81 and the second optical member 82 are supported in a state of being 
separated from the optical element 60 disposed at the tip of the projection optical 
system PL. The first optical member 81 is arranged on the side in the -X direction of 
the optical element 60, and the second optical member 82 is arranged on the side in 



21 



the +X direction of the optical element 60. The first optical member 81 and the 
second optical member 82 are provided at the positions at which the optical path of 
the exposure light beam EL and the movement of the substrate P are not disturbed and 
at which the first and second optical members 81, 82 are capable of making contact 
with the liquid 50 of the liquid immersion area AR. 

As shown in FIG. 8, the liquid 50 is supplied onto the substrate P from the 
liquid supply unit 1 (see FIG. 1) so that the optical path for the exposure light beam 
EL having passed through the projection optical system PL, i.e., the optical path for 
the exposure light beam EL, which is disposed between the optical element 60 and the 
substrate P (projection area PA on the substrate P), is entirely filled with the liquid 50 
during the exposure process for the substrate P. When a predetermined state is 
established, in which the optical path for the exposure light beam EL between the 
optical element 60 and the substrate P is entirely filled with the liquid 50, and the 
liquid immersion area AR covers all of the projection area PA on the substrate P, then 
the liquid 50, which forms the liquid immersion area AR, makes tight contact 
(contact) with the respective end surfaces of the first optical member 8 1 and the 
second optical member 82. In the state in which the liquid immersion area AR is 
formed on the substrate P, and the liquid 50 makes tight contact with the respective 
end surfaces of the first optical member 81 and the second optical member 82, all of 
the optical paths between the first optical member 81 and the second optical member 
82, which are included in the optical paths for the reflected light beam La on the 
substrate P and the detecting light beam La projected from the projecting system 71 of 
the focus-detecting system 70, are filled with the liquid 50. In the state in which the 
optical path for the detecting light beam La is entirely filled with the liquid 50, the 
detecting light beam La, which is emitted from the projecting system 71 of the focus- 
detecting system 70, is established such that the detecting light beam La is radiated 
onto the projection area PA of the projection optical system PL on the substrate P. It 
is also allowable to provide the detecting light beam which is radiated onto areas 
disposed outside the projection area PA, especially onto the position separated in the 
scanning direction (X axis direction) of the substrate P with respect to the projection 
area PA. 

In the state in which the liquid immersion area AR is formed under the 
predetermined condition, and all of the optical paths for the detecting light beams La 
between the first optical member 81 and the second optical member 82 are filled with 
the liquid 50, the detecting light beam La, which is projected from the projecting 
system 71 of the focus-detecting system 70, passes through the first optical member 
81 and the liquid 50 of the liquid immersion area AR, and the detecting light beam La 
is radiated in a desired state onto the substrate P (projection area PA) without causing, 
for example, the scattering and the refraction. The reflected light beam La, which 
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comes from the substrate P, passes through the liquid 50 of the liquid immersion area 
AR and the second optical member 82, and it is received in a desired state by the 
light-receiving system 72. In other words, when the detecting light beam La, which is 
projected from the projecting system 71 of the focus-detecting system 70, is received 
by the light-receiving system 72, the liquid immersion area AR is formed in a 
predetermined state. As described above, it is possible to optically detect whether or 
not the optical path for the detecting light beam La is entirely filled with the liquid 50, 
on the basis of the output of the light-receiving system 72 of the focus-detecting 
system 70. 

As described above, when the liquid immersion area AR is formed in the 
predetermined state, then the detecting light beam La, which is projected from the 
projecting system 71 of the focus-detecting system 70, is radiated onto the projection 
area PA of the projection optical system PL, and the detecting light beam La passes 
through at least a part of the optical path for the exposure light beam EL including the 
projection area PA. Accordingly, the focus-detecting system 70 can optically detect 
whether or not the optical path for the exposure light beam EL is filled with the liquid 
50, on the basis of the output of the light-receiving system 72. 

In this embodiment, the first optical member 81 and the second optical 
member 82 have been explained as mutually independent members. However, for 
example, the first optical member 81 and the second optical member 82 may be 
constructed as a single annular optical member to surround the optical element 60 at 
the tip section of the projection optical system PL. The detecting light beam can be 
radiated onto a part of the annular optical member, and the detecting light beam, 
which has passed along a liquid immersion area AR and the surface of the substrate P, 
can be received through the annular optical member. When the optical member is 
formed to be annular so that the liquid 50 of the liquid immersion area AR is allowed 
to make tight contact with the inner side surface of the annular optical member, it is 
possible to satisfactorily maintain the shape of the liquid immersion area AR2. In this 
embodiment, the first optical member 81 and the second optical member 82 are 
provided separately with respect to the projection optical system PL. However, the 
first optical member 81 and the second optical member 82 may be provided integrally 
with the optical element 60 of the projection optical system PL. 

When the liquid contact surfaces as the end surfaces of the first and second 
optical members 81, 82 or the liquid contact surface of the annular optical member is 
made lyophilic or liquid-affinitive by performing, for example, a lyophilic treatment, 
the liquid 50 of the liquid immersion area AR easily makes tight contact with the 
liquid contact surfaces of the optical members. Therefore, it is easy to maintain the 
shape of the liquid immersion area AR. 



23 



FIG. 10 shows a state in which a bubble 18 exists in the liquid 50 in the liquid 
immersion area AR. As shown in FIG. 10, the detecting light beam La, which 
collides with the bubble 18 and which is included in the plurality of detecting light 
beams La projected from the projecting system 71 of the focus-detecting system 70, 
causes, for example, the scattering and the refraction. Therefore, the detecting light 
beam La, which collides with the bubble 18, is received by the light-receiving system 
72 in a state in which the amount of light is lowered, or the detecting light beam La is 
not received by the light-receiving system 72, because its optical path is changed. In 
other words, when the bubble (gas portion) 18 is present in the liquid 50, the intensity 
of the light received by the light-receiving system 72 is changed (lowered). 
Therefore, the focus-detecting system 70 can optically detect the bubble (gas portion) 
1 8 existing in the liquid 50 of the liquid immersion area AR formed on the optical 
path for the exposure light beam EL, on the basis of the output of the light-receiving 
system 72. The liquid immersion area AR is formed on the optical path for the 
exposure light beam EL, and the detecting light beam La irradiates the projection area 
PA as a part of the optical path for the exposure light beam EL. Therefore, the focus- 
detecting system 70 can detect the presence or absence of the bubble (gas portion) in 
the optical path for the exposure light beam EL, i.e., whether or not the optical path 
for the exposure light beam EL is filled with the liquid 50, on the basis of the output 
of the light-receiving system 72. Further, the focus-detecting system 70 can detect the 
bubble (gas portion) in the optical path for the detecting light beam La in the liquid 
50. 

As shown in FIG. 10, the bubble 18 herein includes a bubble 18A which floats 
in the liquid 50, a bubble 18B which adheres to the end surface (liquid contact 
surface) of the first optical member 8 1 , a bubble 1 8C which adheres to the end surface 
(liquid contact surface) of the second optical member 82, and a bubble (not shown) 
which adheres on the substrate P. When the bubble 18 is present in the liquid 50 of 
the liquid immersion area AR, the detecting light beam La, which is projected from 
the projecting system 71 of the focus-detecting system 70, causes, for example, the 
scattering and the refraction. The amount of light received is changed with respect to 
the light-receiving system 72, or the optical path is changed and thus the detecting 
light beam La is not received by the light-receiving system 72 (see the symbol Lb). 
Therefore, the focus-detecting system 70 can detect the presence or absence of the gas 
portion (bubble) in the liquid 50 of the liquid immersion area AR provided on the 
optical path for the exposure light beam EL, on the basis of the output of the light- 
receiving system 72. 

This embodiment is constructed such that the focus-detecting system 70 
detects the bubble 1 8 in the optical path for the detecting light beam La on the basis of 
the output of the light-receiving system 72. Therefore, it is possible to detect not only 
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the bubble adhered on the substrate P and the bubble 18 (18B, 18C) adhered to each 
of the first and second optical members 81, 82 but also the bubble 18 (18A) floating in 
the liquid 50 for forming the liquid immersion area AR. Therefore, it is also possible 
to detect the bubble 1 8 which exists at any position other than those in the optical path 
for the exposure light beam EL in the liquid 50 of the liquid immersion area AR 
provided that the bubble 18 exists on the optical path for the detecting light beam La. 
The control unit CONT performs the exposure process while detecting the surface 
position information about the substrate P by using the focus-detecting system 70. 
The focus-detecting system 70 can project the detecting light beam La during the 
exposure process for the substrate P to detect the presence or absence of the gas 
portion in the liquid 50 on the optical path for the exposure light beam EL and the 
presence or absence of the gas portion in the optical path for the detecting light beam 
La. Of course, the focus-detecting system 70 can also detect the presence or absence 
of the gas portion in the liquid 50 of the liquid immersion area AR at any timing other 
than those during the exposure process. 

The focus-detecting system 70 can also detect the bubble 1 8 existing at any 
position other than those in the optical path for the exposure light beam EL in the 
liquid 50 of the liquid immersion area AR provided that the bubble 1 8 exists on the 
optical path for the detecting light beam La. For example, even when the bubble 1 8, 
which exists at any position other than those in the optical path for the exposure light 
beam EL, is moved in the liquid 50 in accordance with the movement of the substrate 
P during the scanning exposure, and the bubble 18 is arranged on the optical path for 
the exposure light beam EL, or the bubble 1 8 adheres to the substrate P or the optical 
element 60, then the focus-detecting system 70 can be used to detect the bubble 18 
before the bubble 18, which exists at any position other than those in the optical path 
for the exposure light beam EL, is arranged on the optical path for the exposure light 
beam EL, or before the bubble 18 adheres to the substrate P or the optical element 60. 
Therefore, it is possible to predict that the bubble 18, which previously floated in the 
liquid 50, may be arranged on the substrate P or on the optical path for the exposure 
light beam EL, on the basis of the output of the focus-detecting system 70 to perform 
an appropriate process including, for example, the stop of the exposure process and th 
driving of the alarm unit, for example, before the bubble 18, which previously floated 
in the liquid 50, is arranged on the substrate P or on the optical path for the exposure 
light beam EL during the exposure process. Accordingly, it is possible to avoid the 
occurrence of exposure failure and defective shot. 

The projecting system 71 of the focus-detecting system 70 radiates the 
plurality of detecting light beams La onto the respective points in the matrix form on 
the substrate P. Therefore, the focus-detecting system 70 can detect the position 
information about the bubble 1 8 on the basis of the respective light intensities of light 
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received from the plurality of detecting light beams La received by the light-receiving 
system 72. In this embodiment, details about the respective radiation positions of the 
plurality of detecting light beams La are specified on the basis of the designed values. 
The control unit CONT can specify the position of the bubble 18 (optical path for the 
detecting light beam in which the bubble 18 exits) on the basis of the information 
about the radiation position of the detecting light beam La which has a lowered 
intensity of the light beam to come into each of the light-receivers of the light- 
receiving system 72, or the information about the position of installation of each of 
the light-receivers of the light-receiving system 72 corresponding to the detecting 
light beam La. 

As shown in FIG. 1 1, the following may occur. That is, the space between the 
substrate P and the optical element 60 of the projection optical system PL is not 
sufficiently filled with the liquid 50, and a part of the liquid 50 is discontinued or 
interrupted. The liquid immersion area AR is not formed in a predetermined state, 
and a gas area AG is formed in the optical path for the exposure light beam EL. The 
focus-detecting system 70 can also detect the presence or absence of the gas area AG. 
The gas area AG is generated, for example, by the separation of the liquid 50 caused 
by the movement of the substrate P and/or the malfunction of the liquid supply unit 1 . 
In FIG. 1 1, the gas area AG is formed in the vicinity of the second optical member 82. 
The liquid 50 in the liquid immersion area AR does not make tight contact (contact) 
with the end surface of the second optical member 82. Also in this case, the detecting 
light beam La, which is emitted from the projecting system 71 of the focus-detecting 
system 70, causes, for example, the scattering and the refraction at the interface 
between the gas area AG and the liquid 50 of the liquid immersion area AR. The 
detecting light beam La is received by the light-receiving system 72 in a state in 
which the amount of light is lowered, or the detecting light beam La is not received by 
the light-receiving system 72. The focus-detecting system 70 can detect, based on the 
output of the light-receiving system 72, the presence or absence of the gas area AG in 
the optical path for the exposure light beam EL in the liquid immersion area AR, i.e., 
whether or not the optical path for the exposure light beam EL is filled with the liquid 
50. Also in this case, the control unit CONT performs the exposure process while 
detecting the surface position information about the substrate P by using the focus- 
detecting system 70. Therefore, it is possible to detect the presence or absence of the 
gas portion in the optical path for the exposure light beam EL during the exposure for 
the substrate P and/or the presence or absence of the gas portion in the optical path for 
the detecting light beam La, on the basis of the output of the focus-detecting system 
70 (light-receiving system 72). When the gas area AG is detected by the focus- 
detecting system 70 during the exposure process, the control unit CONT can apply an 
appropriate process on the basis of the output of the focus-detecting system 70, for 
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example, such that the exposure operation is stopped, or the amount of the liquid to be 
supplied by the liquid supply unit 1 and/or the amount of the liquid to be recovered by 
the liquid recovery unit 2 is adjusted to maintain the liquid immersion area AR to be 
in a predetermined state. 

When the substrate P is subjected to the liquid immersion exposure process, as 
shown in FIG. 12A, the liquid immersion area-forming operation is performed to form 
the liquid immersion area AR on the substrate P by driving the liquid supply unit 1 
and the liquid recovery unit 2 before starting the exposure process after loading the 
substrate P to the substrate stage PST. In this procedure, the control unit CONT 
performs the liquid immersion area-forming operation before the exposure process 
while radiating the detecting light beam La, from the projecting system 71 of the 
focus-detecting system 70, onto the substrate P. Accordingly, it is possible to judge 
whether or not the start of the exposure for the substrate P is appropriate, on the basis 
of the output of the focus-detecting system 70 (light-receiving system 72). That is, 
when the gas area AG is present while the liquid immersion area AR has not been 
formed sufficiently yet as shown in FIG. 12B in the operation for forming the liquid 
immersion area before the exposure process, the light intensity of the detecting light 
beam La to arrive at the light-receiving system 72 is lowered. The control unit CONT 
judges that the liquid immersion area AR is not sufficiently formed yet, on the basis 
of the output of the light-receiving system 72 of the focus-detecting system 70. The 
control unit CONT judges that the start of the liquid immersion exposure process is 
inappropriate. The control unit CONT continues the liquid immersion area-forming 
operation until the liquid immersion area AR is formed to be in a predetermined state. 
In some cases, the control unit CONT changes the operation condition concerning the 
formation of the liquid immersion area, for example, such that the supply amount of 
the liquid to be supplied by the liquid supply unit 1 and/or the recovery amount of the 
liquid to be recovered by the liquid recovery unit 2 is changed, and the position of the 
substrate P is moved. As shown in FIG. 12C, when the liquid immersion area AR is 
sufficiently formed, and the optical path for the detecting light beam La between the 
first optical member 81 and the second optical member 82 is filled with the liquid 50, 
then the optical path for the exposure light beam EL between the substrate P and the 
optical element 60 of the projection optical system PL is also filled with the liquid 50. 
In this state, the detecting light beam La, which is projected from the projecting 
system 71, comes into the light-receiving system 72 at a predetermined light intensity. 
Therefore, the control unit CONT judges that the liquid immersion area AR is formed, 
and the control unit CONT judges that the start of the liquid immersion exposure 
process is appropriate, on the basis of the output of the light-receiving system 72 of 
the focus-detecting system 70. Subsequently, the control unit CONT starts the 
radiation of the exposure light beam EL to perform the exposure process. 
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When the gas portion such as the bubble 1 8 and the gas area AG is detected in 
the liquid immersion area AR including the optical path for the exposure light beam 
EL by the focus-detecting system 70 during the exposure for the substrate P as 
described above, the control unit CONT performs the process, for example, such that 
the exposure process for the substrate P is stopped. However, it is conceived that the 
following situation may appear. That is, the detecting light beam La is not received at 
a predetermined light intensity by the light- receiving system 72, although the optical 
path for the exposure light beam EL is filled with the liquid 50. In such a situation, an 
inconvenience arises such that the exposure process is stopped although the liquid 
immersion exposure process can be performed. For example, as shown in FIG. 13, a 
detecting light beam La3, which is included in a plurality of detecting light beams Lai 
to La5 projected from the projecting system 71 of the focus-detecting system 70 and 
which is radiated onto a gap 58 between an edge section E of the substrate P and a 
plate member 57 provided around the substrate P, has such a possibility that the 
detecting light beam La3 is not received at a predetermined light intensity by the 
light-receiving system 72 due to the occurrence of, for example, the scattering and the 
refraction. In this case, the plate member 57 is an annular member which is provided 
concentrically around the substrate P. The upper surface of the plate member 57 has 
approximately the same height as that of the upper surface of the substrate P. The 
plate member 57 makes it possible to maintain the shape of the liquid immersion area 
AR by retaining the liquid 50 under the optical element 60 of the projection optical 
system PL even when the liquid immersion exposure is performed for areas or 
portions disposed in the vicinity of the edge section E of the substrate P. The gap 58 
is formed between the substrate P and the plate member 57. The detecting light beam 
La3, which is radiated onto the gap 58, has such a possibility that the detecting light 
beam La3 is not received at a predetermined light intensity by the light-receiving 
system 72 although the liquid immersion area AR is formed satisfactorily. In this 
case, an inconvenience arises such that the control unit CONT stops the exposure 
process on the basis of the output of the light-receiving system 72. An arrangement, 
in which the plate member 57 is not provided, is also conceived. However, in such an 
arrangement, the difference in height is formed between the substrate P and the 
substrate stage PST (Z stage 51), and there is such a possibility that the detecting light 
beams La3, La4, La5 or the like, which are radiated onto portions disposed outside the 
substrate P, are not received by the light-receiving system 72 at predetermined light 
intensities, although the liquid immersion area AR is formed on the substrate P in the 
vicinity of the edge section E. 

In this case, the control unit CONT controls the exposure operation on the 
basis of the result of the measurement performed by the laser interferometer 55 (see 
FIG. 1) for measuring the position of the substrate stage PST for supporting the 
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substrate P, and the position information about the edge section E of the substrate P 
(gap 58) in the stage coordinate system prescribed by the laser interferometer 55. 
Specifically, for example, the control unit CONT previously determines the position 
information about the edge section E of the substrate P (gap 58) in the stage 
coordinate system to store the position information in the memory unit MRY 
beforehand, for example, during the alignment process performed before the exposure 
process. Subsequently, the control unit CONT performs the exposure process while 
measuring the position information about the substrate P by using the laser 
interferometer 55. During the exposure process, the control unit CONT judges 
whether or not the detecting light beam La is radiated onto portions disposed in the 
vicinity of the edge section E of the substrate P including the gap 58 with reference to 
the position information about the edge section E of the substrate P stored in the 
memory unit MRY. For example, if it is judged that the detecting light beam La is 
radiated onto the gap 58, then the control unit CONT neglects the output of the light- 
receiving system 72 to continue the exposure process, even when a situation arises 
such that the amount of light of the detecting light beam La received by the light- 
receiving system 72 is lowered or the detecting light beam La is not received. By 
doing so, it is possible to avoid the inconvenience which would be otherwise caused 
such that the exposure process is stopped although the liquid immersion exposure 
process is satisfactorily performed. 

FIG. 14 shows another embodiment of the present invention. This 
embodiment is characterized in that optical members 81, 82, through which the 
detecting light beam La of the focus-detecting system 70 is transmissive, are provided 
integrally with the optical element 60 of the projection optical system PL. A part or 
all of the detecting light beams La, which are included in the plurality of detecting 
light beams La projected from the projecting system 71 of the focus-detecting system 
70, are designed to pass through a part of the optical element 60 (tip section) of the 
plurality of optical elements for constructing the projection optical system PL. The 
focus-detecting system 70 projects the detecting light beams La onto the substrate P 
through the optical element 60. Even in the case of the system as described above, the 
focus-detecting system 70 can detect the presence or absence of the gas portion in the 
optical path for the exposure light beam EL. In FIG. 14, the respective lower end 
surfaces (liquid contact surfaces) of the optical members 81, 82 are flat surfaces 
which are substantially parallel to the XY plane, and they have approximately the 
same height as that of the tip surface (lower end surface) of the optical element 60. 
The liquid 50 of the liquid immersion area AR makes tight contact with the lower end 
surfaces of the optical members 81, 82 and the lower end surface of the optical 
element 60. The liquid immersion area AR is formed in a wide area between the 
projection optical system PL and the substrate P. 
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As shown in FIG. 15, if a bubble 18 is present in the liquid 50 of the liquid 
immersion area AR, the detecting light beam La, which is emitted from the projecting 
system 71, collides with the bubble 18 to cause, for example, the scattering in the 
same manner as in the embodiment described above. Therefore, the detecting light 
beam La is received by the light-receiving system 72 in a state in which the light 
intensity is lowered. Accordingly, the focus-detecting system 70 can detect the 
presence or absence of the bubble (gas portion) 1 8 in the optical path for the exposure 
light beam EL and the optical path for the detecting light beam La in the liquid 
immersion area AR, on the basis of the output of the light-receiving system 72. 

Also in this case, the respective optical members 81, 82 may be constructed 
with mutually independent members. Alternatively, the optical member 81, 82 may 
be formed annularly integrally to surround the optical element 60 disposed at the tip 
section of the projection optical system PL. 

As described above, pure water is used as the liquid 50 in the embodiments of 
the present invention. Pure water is advantageous in that pure water is available in a 
large amount with ease, for example, in the semiconductor production factory, and 
pure water exerts no harmful influence, for example, on the optical element (lens) and 
the photoresist on the substrate P. Further, pure water exerts no harmful influence on 
the environment, and the content of impurity is extremely low. Therefore, the pure 
water is also expected to have the function to wash the surface of the substrate P and 
the surface of the optical element provided at the tip surface of the projection optical 
system PL. 

It is reported that the refractive index n of pure water (water) with respect to 
the exposure light beam EL having a wavelength of about 193 nm is approximately in 
an extent of 1.47 to 1.44. When the ArF excimer laser beam (wavelength: 193 nm) is 
used as the light source of the exposure light beam EL, then the wavelength is 
shortened on the substrate P by 1/n, i.e., to about 131 to 134 nm, and a high resolution 
is obtained. Further, the depth of focus is magnified about n times, i.e., about 1 .47 to 
1 .44 times as compared with the value obtained in the air. Therefore, when it is 
enough to secure an approximately equivalent depth of focus as compared with the 
case of the use in the air, it is possible to further increase the numerical aperture of the 
projection optical system PL. Also in this viewpoint, the resolution is improved. 

In the embodiments of the present invention, the lens 60 is attached to the tip 
of the projection optical system PL. However, the optical element, which is attached 
to the tip of the projection optical system PL, may be an optical plate which is usable 
to adjust the optical characteristics of the projection optical system PL, for example, 
the aberration (for example, spherical aberration and comatic aberration). 
Alternatively, the optical element may be a parallel plane plate through which the 
exposure light beam EL is transmissive. When the optical element, which makes 
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contact with the liquid 50, is the parallel plane plate which is cheaper than the lens, it 
is enough that the parallel plane plate is merely exchanged immediately before 
supplying the liquid 50 even when any substance (for example, any silicon-based 
organic matter), which deteriorates the transmittance of the projection optical system 
PL, the illuminance of the exposure light beam EL on the substrate P, and the 
uniformity of the illuminance distribution, is adhered to the parallel plane plate, for 
example, during the transport, the assembling, and/or the adjustment of the exposure 
apparatus EX. An advantage is obtained such that the exchange cost is lowered as 
compared with the case in which the optical element to make contact with the liquid 
50 is the lens. That is, the surface of the optical element to make contact with the 
liquid 50 is dirtied, for example, due to the adhesion of scattered particles generated 
from the resist by being irradiated with the exposure light beam EL or any impurity 
contained in the liquid 50. Therefore, it is necessary to periodically exchange the 
optical element. However, when the optical element is the cheap parallel plane plate, 
then the cost of the exchange part is low as compared with the lens, and it is possible 
to shorten the time required for the exchange. Thus, it is possible to suppress the 
increase in the maintenance cost (running cost) and the decrease in the throughput. 

When the pressure, which is generated by the flow of the liquid 50, is large 
between the substrate P and the optical element disposed at the tip of the projection 
optical system PL, it is also allowable that the optical element is tightly fixed so that 
the optical element is not moved by the pressure, without allowing the optical element 
to be exchangeable. 

In the embodiments of the present invention, the space between the projection 
optical system PL and the surface of the substrate P is filled with the liquid 50. For 
example, it is also allowable to adopt an arrangement in which the space is filled with 
the liquid 50 in such a state that a cover glass composed of a parallel flat plate is 
attached to the surface of the substrate P. In this arrangement, the cover glass also 
constitutes a part of the projection optical system PL. That is, the projection optical 
system includes all of the optical elements existing on the optical path for the 
exposure light beam EL between the mask M and the substrate P. 

The liquid 50 is water in the embodiments of the present invention. However, 
the liquid 50 may be any liquid other than water. For example, when the light source 
of the exposure light beam EL is the F2 laser, the F2 laser beam is not transmitted 
through water. Therefore, in this case, those preferably usable as the liquid 50 may 
include, for example, fluorine-based oil and perfluoropolyether (PFPE) through which 
the F 2 laser beam is transmissive. Alternatively, other than the above, it is also 
possible to use, as the liquid 50, those (for example, cedar oil) which have the 
transmittance with respect to the exposure light beam EL, which have the refractive 
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index as high as possible, and which are stable against the photoresist applied to the 
surface of the substrate P and the projection optical system PL. 

In the respective embodiments described above, the shape of the nozzle is not 
specifically limited. For example, two pairs of the nozzles may be used to supply or 
recover the liquid 50 for the long side of the tip section 60A. In this arrangement, the 
supply nozzles and the recovery nozzles may be arranged while being aligned 
vertically in order that the liquid 50 can be supplied and recovered in any one of the 
directions of the +X direction and the -X direction. 

The substrate P, which is usable in the respective embodiments described 
above, is not only the semiconductor wafer for producing the semiconductor device, 
but also, the glass substrate for the display device, the ceramic wafer for the thin film 
magnetic head, and the master plate (synthetic quartz, silicon wafer) for the mask or 
the reticle to be used for the exposure apparatus. 

In the embodiments described above, the exposure apparatus is adopted, in 
which the space between the projection optical system PL and the substrate P is 
locally filled with the liquid. However, the present invention is also applicable to a 
liquid immersion exposure apparatus in which a stage retaining a substrate as an 
exposure objective is moved in a liquid bath, and a liquid immersion exposure 
apparatus in which a liquid pool having a predetermined depth is formed on a stage 
and a substrate is retained therein. The structure and the exposure operation of the 
liquid immersion exposure apparatus in which the stage retaining the substrate as the 
exposure objective is moved in the liquid bath are described in detail, for example, in 
Japanese Patent Application Laid-open No. 6-124873. The structure and the exposure 
operation of the liquid immersion exposure apparatus in which the liquid pool having 
the predetermined depth is formed on the stage and the substrate is retained therein 
are described in detail, for example, in Japanese Patent Application Laid-open No. 10- 
3031 14 and U.S. Pat. No. 5,825,043, contents of which are incorporated herein by 
reference respectively within a range of permission of the domestic laws and 
ordinances of the state designated or selected in this international application. 

As for the exposure apparatus EX, the present invention is also applicable to 
the scanning type exposure apparatus (scanning stepper) based on the step-and-scan 
system for performing the scanning exposure for the pattern of the mask M by 
synchronously moving the mask M and the substrate P as well as the projection 
exposure apparatus (stepper) based on the step-and-repeat system for performing the 
full field exposure for the pattern of the mask M in a state in which the mask M and 
the substrate P are allowed to stand still, while successively step-moving the substrate 
P. The present invention is also applicable to the exposure apparatus based on the 
step-and-stitch system in which at least two patterns are partially overlaid and 
transferred on the substrate P. 
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The present invention is also applicable to a twin-stage type exposure 
apparatus. The structure and the exposure operation of the twin-stage type exposure 
apparatus are disclosed, for example, in Japanese Patent Application Laid-open Nos. 
10-163099 and 10-214783 (corresponding to U.S. Pat Nos. 6,341,007, 6,400,441, 
6,549,269, and 6,590,634), Published Japanese Translation of PCT International 
Publication for Patent Application No. 2000-505958 (corresponding to U.S. Pat. No. 
5,969,441), and U.S. Pat. No. 6,208,407, contents of which are incorporated herein by 
reference respectively within a range of permission of the domestic laws and 
ordinances of the state designated or selected in this international application. 

As for the type of the exposure apparatus EX, the present invention is not 
limited to the exposure apparatus for producing the semiconductor device for 
exposing the substrate P with the semiconductor device pattern. The present 
invention is also widely applicable, for example, to the exposure apparatus for 
producing the liquid crystal display device or for producing the display as well as the 
exposure apparatus for producing, for example, the thin film magnetic head, the image 
pickup device (CCD), the reticle, or the mask. 

When the linear motor is used for the substrate stage PST and/or the mask 
stage MST, it is allowable to use any one of those of the air floating type based on the 
use of the air bearing and those of the magnetic floating type based on the use of the 
Lorentz's force or the reactance force. Each of the stages PST, MST may be either of 
the type in which the movement is effected along the guide or of the guideless type in 
which no guide is provided. An example of the use of the linear motor for the stage is 
disclosed in U.S. Pat. Nos. 5,623,853 and 5,528,1 18, contents of which are 
incorporated herein by reference respectively within a range of permission of the 
domestic laws and ordinances of the state designated or selected in this international 
application. 

As for the driving mechanism for each of the stages PST, MST, it is also 
allowable to use a plane motor in which a magnet unit provided with two- 
dimensionally arranged magnets and an armature unit provided with two- 
dimensionally arranged coils are opposed to one another, and each of the stages PST, 
MST is driven by the electromagnetic force. In this arrangement, any one of the 
magnet unit and the armature unit is connected to the stage PST, MST, and the other 
of the magnet unit and the armature unit is provided on the side of the movable 
surface of the stage PST, MST. 

The reaction force, which is generated in accordance with the movement of the 
substrate stage PST, may be mechanically released to the floor (ground) by using a 
frame member so that the reaction force is not transmitted to the projection optical 
system PL. The method for handling the reaction force is disclosed in detail, for 
example, in U.S. Pat. No. 5,528,1 18 (Japanese Patent Application Laid-open No. 8- 
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166475), contents of which are incorporated herein by reference within a range of 
permission of the domestic laws and ordinances of the state designated or selected in 
this international application. 

The reaction force, which is generated in accordance with the movement of the 
mask stage MST, may be mechanically released to the floor (ground) by using a frame 
member so that the reaction force is not transmitted to the projection optical system 
PL. The method for handling the reaction force is disclosed in detail, for example, in 
U.S. Pat. No. 5,874,820 (Japanese Patent Application Laid-open No. 8-330224), 
contents of which are incorporated herein by reference within a range of permission of 
the domestic laws and ordinances of the state designated or selected in this 
international application. 

As described above, the exposure apparatus EX according to the embodiment 
of the present invention is produced by assembling the various subsystems including 
the respective constitutive elements as defined in claims so that the predetermined 
mechanical accuracy, the electric accuracy, and the optical accuracy are maintained. 
In order to secure the various accuracies, the adjustments performed before and after 
the assembling include the adjustment for achieving the optical accuracy for the 
various optical systems, the adjustment for achieving the mechanical accuracy for the 
various mechanical systems, and the adjustment for achieving the electric accuracy 
for the various electric systems. The steps of assembling the various subsystems into 
the exposure apparatus include, for example, the mechanical connection, the wiring 
connection of the electric circuits, and the piping connection of the air pressure 
circuits in correlation with the various subsystems. It goes without saying that the 
steps of assembling the respective individual subsystems are performed before 
performing the steps of assembling the various subsystems into the exposure 
apparatus. When the steps of assembling the various subsystems into the exposure 
apparatus are completed, the overall adjustment is performed to secure the various 
accuracies as the entire exposure apparatus. It is desirable that the exposure apparatus 
is produced in a clean room in which, for example, the temperature and the cleanness 
are managed. 

As shown in FIG. 16, the microdevice such as the semiconductor device is 
produced by performing, for example, a step 201 of designing the function and the 
performance of the microdevice, a step 202 of manufacturing a mask (reticle) based 
on the designing step, a step 203 of producing a substrate as a base material for the 
device, an exposure process step 204 of exposing the substrate with a pattern of the 
mask by using the exposure apparatus EX of the embodiment described above, a step 
of assembling the device (including a dicing step, a bonding step, and a packaging 
step) 205, and an inspection step 206. 
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Possibilities for Industrial Application 

According to the present invention, when the exposure process is performed 
on the basis of the liquid immersion method, it is possible to detect the gas portion 
including the bubble in the liquid in the space between the projection optical system 
and the substrate, the portion greatly relating to the pattern transfer accuracy, by using 
the bubble detector or the gas-detecting system. It is also possible to detect whether 
or not the liquid is discontinued between the projection optical system and the 
substrate and whether or not the image plane side of the projection optical system is 
filled with the liquid sufficiently for the exposure and the measurement. An 
appropriate treatment can be applied on the basis of the result of the detection in order 
to maintain the good productivity. 



35 



Scope of Patent Claims 



1 . An exposure apparatus which exposes a substrate by transferring an image of a 
pattern through a liquid onto the substrate, the exposure apparatus comprising: a 
projection optical system which projects the image of the pattern onto the substrate; 
and a bubble detector which detects bubbles in the liquid between the projection 
optical system and the substrate. 

2. The exposure apparatus according to claim 1, wherein the bubble detector optically 
detects the bubble. 

3. The exposure apparatus according to claim 2, wherein the bubble detector includes 
a projecting system which projects a light beam onto the liquid, and a light-receiving 
system which receives the light beam from the liquid. 

4. The exposure apparatus according to claim 3, wherein the substrate is subjected to 
scanning exposure while being moved in a predetermined scanning direction, and the 
projecting system projects the light beam from a position separated from an optical 
axis of the projection optical system in the scanning direction. 

5. The exposure apparatus according to claim 4, further comprising a supply unit 
which supplies the liquid, wherein the liquid flows in parallel to the scanning 
direction between the projection optical system and the substrate during the scanning 
exposure. 

6. The exposure apparatus according to claim 3, wherein the bubble detector detects 
an amount of the bubbles on the basis of an intensity of the light beam detected by the 
light-receiving system. 

7. The exposure apparatus according to claim 1, wherein a judgment is made whether 
or not the exposure is performed appropriately for the substrate on the basis of a result 
of the detection performed by the bubble detector. 

8. The exposure apparatus according to claim 7, wherein the bubbles are detected by 
the bubble detector during the exposure for a plurality of shot areas on the substrate 
respectively, and a shot area of the shot areas, for which the image of the pattern is 
inappropriately formed due to the bubbles, is stored on the basis of each result of the 
detection. 
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9. An exposure apparatus which exposes a substrate by transferring an image of a 
pattern through a liquid onto the substrate, the exposure apparatus comprising: a 
projection optical system which projects the image of the pattern onto the substrate; 
and a liquid shortage detector which detects shortage of the liquid between the 
projection optical system and the substrate. 

10. The exposure apparatus according to claim 9, wherein the liquid shortage detector 
optically detects the liquid shortage between the projection optical system and the 
substrate. 

11. The exposure apparatus according to claim 10, wherein the liquid shortage 
detector includes a projecting system which projects a light beam onto the liquid, and 
a light-receiving system which receives the light beam from the liquid. 

12. The exposure apparatus according to claim 11, wherein the liquid shortage 
detector detects the liquid shortage on the basis of absence of incidence of the light 
beam from the liquid into the light-receiving system. 

13. An exposure apparatus which exposes a substrate by radiating an exposure light 
beam onto the substrate via a projection optical system and through a liquid, the 
exposure apparatus comprising: a gas-detecting system which detects a presence or 
absence of a gas portion in an optical path for the exposure light beam. 

14. The exposure apparatus according to claim 13, wherein the gas-detecting system 
detects bubbles in the optical path for the exposure light beam. 

15. The exposure apparatus according to claim 13, wherein the gas-detecting system 
detects whether or not the optical path for the exposure light beam is filled with the 
liquid. 

16. The exposure apparatus according to claim 13, wherein a judgment is made as to 
whether or not starting of the exposure on the substrate is appropriate, on the basis of 
an output of the gas-detecting system. 

17. The exposure apparatus according to claim 13, wherein the gas-detecting system 
detects a presence or absence of a gas in the optical path for the exposure light beam 
during the exposure for the substrate. 
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18. The exposure apparatus according to claim 13, wherein the gas-detecting system 
optically detects the gas portion. 

19. The exposure apparatus according to claim 18, wherein the gas-detecting system 
includes a surface position-detecting function for detecting a surface position of the 
substrate by projecting a detecting light beam onto the substrate through the liquid on 
the substrate and receiving a reflected light beam thereof. 

20. An exposure apparatus which exposes a substrate by radiating an exposure light 
beam onto the substrate via a projection optical system and through a liquid, the 
exposure apparatus comprising: a surface position-detecting system which detects a 
surface position of the substrate by projecting a detecting light beam onto the 
substrate through the liquid on the substrate and receiving the detecting light beam 
reflected on the substrate, wherein: a presence or absence of a gas portion in an 
optical path for the detecting light beam is detected on the basis of an output of the 
surface position-detecting system. 

21. The exposure apparatus according to claim 20, wherein the detecting light beam 
passes through an optical path for the exposure light beam. 

22. The exposure apparatus according to claim 20, wherein bubbles are detected in the 
optical path for the detecting light beam on the basis of the output of the surface 
position-detecting system. 

23. The exposure apparatus according to claim 20, wherein a judgment is made 
whether or not start of the exposure for the substrate is appropriate, on the basis of the 
output of the surface position-detecting system. 

24. The exposure apparatus according to claim 20, wherein a detection is made 
whether a gas is present or absent in the optical path for the detecting light beam 
during the exposure for the substrate, on the basis of the output of the surface 
position-detecting system. 

25. The exposure apparatus according to claim 20, wherein the surface position- 
detecting system projects a plurality of detecting light beams onto the substrate. 

26. The exposure apparatus according to claim 20, wherein the surface position- 
detecting system projects the detecting light beam onto the substrate via a part of an 
optical member of the projection optical system. 
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27. A method for producing a device, comprising using the exposure apparatus as 
defined in any of claim 1, 9, 13 or 20. 
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FIG. 1 
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FIG. 2 
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FIG. 5 

SI: the space between the projection optical system and the substrate is filled with the 
liquid 

S2: scanning and exposing the substrate while projecting a detecting light beam from 
the projecting system of the bubble detector 

S3: detecting the bubbles on the basis of the light intensities detected by the light- 
receiving system 22 

S4: storing the position information of the detected bubbles 

S5: comparison of the threshold value information stored in the memory unit with the 

result of the bubble detection 

S6: is the bubble not less than the threshold value? 

S7: display of alarm, bubble information 

S8: storing shot areas in which the image formation of the pattern image is not 
performed appropriately 
continuing the exposure process 
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FIG. 8 
control unit 



FIG. 14 
control unit 

FIG. 16 

201 design (function, performance, pattern) 

202 mask fabrication 

203 substrate production 

204 substrate processing 

205 device assembly 

206 inspection 
(shipping) 
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